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in the last two decades in the areas of defining the

ads and dynamic soil pressures, and other loads for underground tank structures, piping, and
uipment. Interpretation and implementation of the guidelines are illustrated through examples.
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Table 10.3.1-1 Use of “Seismic Design & Evaluation Guidelines for the
Department of Energy High-Level Waste Tanks & Appurtenances” (Ref. 29)

Subject Matter Chapter
and/or Appendix
from Reference 29
Seismic Design and Evaluation Criteria Chapter 3
Evaluation of Tank Response
Hydrodynamic Effects Chapter 4
1.1auid Viscositv Effects nnendix B
Liquid Viscosity Effects Appendix B
Qni1l_CQtrmirtinre Intarartinn Chanter A and Annendiv I
VLTI UUVLUL LY dldlviQAviuivis llAapivi U dliug ntlt}\/llul/\ i
Effant nf Tan (Angtraint A nnandiv (Y
A11ICLL Ul 1 VUp Luldidualiit Iy }_JUllulA -
Aigrnin Dacmnanos Dvaninla A A £
DCIdILLC I\CbPU DO LAAllpic I‘\PPC IUIA T
Evaluation of Tank Capacity
Seismic Capacity Chapter 5
Inelastic Energy Absorption Appendix A
Buckling of Tanks Appendix F
Effects of Sloshing Striking the Roof Appendix D
Dimension Tolerance and Fabrication Details Appendix E
Associated Structures and Equipment
Underground Piping (Section 10.1.2) Chapter 7 and Appendix I
Equipment Qualification Chapter 8

As described in Chapter 3 of Reference 29 (see Table 10.3.1-1), the seismic guidelines for
underground storage tanks are based on the same target performance goals upon which general
seismic design and evaluation criteria for Department of Energy structures, systems, and
components as given in DOE-STD-1020 (Ref. 6) are based. Deterministic, pseudo-linear seismic
evaluation procedures are provided that are based on the DOE target performance goals. The
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A~nnrrrnnt sannanizrac that thawva o ha gitirntinmo sxsrhhanen avelinid camen 10 o0 It ____1___* _ _C
QOCUIIICTIL ICCOZIIIZES Ulal uiCic il DC SitudliO1iS Wil PLCIL NON-UIICALD AyIdIINC dildlySiS O
qtrmintiirac ne anitl ralitmng maxy ha nanaggamy Tf alon wmanAcgnirac ~acac CIir T ono 1o alfn At
structures Or soii COIUINNS Mmay o€ niecessary. It also recognizes cases, such as liquefaction
analyicic wwhara thara maxy nat ha avigting rananity ctandande ~nncictont sxith tlha Aabaa 2 a2 |
aildiySis, wii€i€ ullic ifidy 1ol 0C EXIStiiig CapacCity StanaarasS COmnsisteiit wiin tn€ aeterministic
nraradiirae Far thage gititatinng a manre ganaral anneraonh far anmanlsring xrith tha fansa
PLIOLCUULICS. 17UL UWICSU Sitdativlls, da 1UIC glilCial appiUacil 101 COLpiylig will uic target
narfarmancra anale 1c Aicricead 1in whinh altarnativva dagian nr arvralitatinm fanthairirac smaascr lha
Prilulilidiite guaid 15 UISLUDSLU I Wilibil altviiiauve Uldigll Ul Cvailuativuil tcuuuquca llld.y ucC
amf\]f\"@fl
Cmpi0yea.
Tn additinn tn oganaral caiemice dacion and avalniatinn Aritaria manv enthiante enanificallyy addracoin
111 AUUILIVIL W gulivial SUISLILLV ULSIgil dllu UyaludtlVUll Liitvliad, 1lidily SUuUjulld Spolilivdll uulc;bmug
icenag nartinant tn 1mndarornnnd ctaraoe tanke are rnverad hy Rafaranca 70 acg illnigtratad he; Tohla
ASSULS PUL LLLIVLIL LU ULIUVI Sl UULIU SIVLAET LALIRS alL LUVLILU Uy INLIUIUTLILL 47 ad luaudualcu Uy 1avic
10.3.1-1 n oeneral thece cuthiecte inclhide evalnation nf hvdradunamic aeffacte in tanke caiomin

Veded Tl 1l GUILIVIGQL) LUIVOV SUUJULLS LUVIUULY UV AQALUAUIVLL Ul 1 yUWIVUU Yy UGV VLIVULW 11 LallRD, SUISIIIL
canacitv of tanke evaluation of goil-vanlt interaction and nninderoraonnd ninino and candnite Rach
VOPATILy Ul WGLGRG, VY AILAUIVLL VUl OULLT VAU vl duiivil, GUU uliuvi s1VuLIG piplilg auu LuLivuiw. acii
of these areas is brieflv described in the followine paraeranhs
Or these ar 18 Drielly GesCribed 1 the 1010wing paragrapins

critical element in the analvsis of the seismic resnonse of the tank-lianid gvstem ig the evahiation

£ CIlicdl CIC 21 UIC g 025 L 0 STISIIUL ITSPUIIST VL WG walln-1guiG Sy 5l 15 ulC CVaiuadon
of the hvdrodvnamic pressures exerted against the tank wall and base. Once these pressures have
VA RAL YAV AGRINT PAVOSLAS ':--- WU GRSt I vwl.u“v' Qi QUL UAOT.  LILVU UWiVoU piudssuiud uuave
been established, the corresponding forces and stresses in the tank may be determined with relative
ease. Methods of evaluating hydrodynamic pressures for horizontal, rocking, and vertical
components of earthquake ground motion are presented. In addition, sloshing motion of the free
liquid surface is considered. These items are addressed in Chapter 4 and Appendix G of

eference 29 (see Table 10.3.1-1). Of special interest for waste storage tanks are the effects of
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Refer able 10.3.1-1). Of special ir r Vy: S
inhomogeneous liquids within the tank or the influence of liquid viscosity on hydrodynamic effects
which is addressed in Appendix B of Reference 29.

Assessment of the seismic capacity of tanks in Reference 29 considers observed failure modes for
tanks in past earthquakes. Flat bottom vertical liquid storage tanks have sometimes failed with loss
of contents during strong earthquake shaking. For tanks with radius to wall thickness ratios
greater than about 600 or tanks with minimal or no anchorage, failure has often been associated
with rupture of the tank wall near its connection to the base, due either to excessive tank wall
buckling or bolt stretching and excessive base plate uplift. Both failure modes are primarily due to
the dynamic overturning moment at the tank base from fluid pressure on the tank wall. Other
common failure mode have been breaking of piping connected to a tank as a result of relative
movement and severe distortion due to a soil failure (soil liquefaction, slope instability, or
excessive differential settlement). Other failure modes, which are of much lesser importance either
because of their general lack of occurrence or less severe consequences, but which deserve some
attention, are: tank sliding, excessive hoop tensile stresses due to hydrodynamic pressures on the
tank wall, damage to the roof due to insufficient freeboard for fluid sloshing, and damage to
internal attachments from lateral and torsional fluid movements. Tank capacity evaluation is
addressed in Chapter 5 and Appendices A, F, D, and E of Reference 29 as shown in Table
10.3.1-1.

Important considerations for soii-vauit interaction are evaluation of the seismic input motion to the
support points of the tank and the seismically induced pressures on the walls of the vauit.
Evaluation of soii-vaulit (soil-structure) interaction must consider the vertical spatial variation of the
free field ground motion and that the motion of the vauit may differ from the free field motion.
Guidelines for necessary soil properties and evaluation of soil structure interaction effects applied
to underground tanks are presented in Chapter 6 and Appendix H of Reference 29.
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ost underground waste process piping systems are encased (or double containment) piping
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displacements of the ground at faults; (2) ground failure of relatively large areas caused by
liquefaction, landslides, gross surface movements, or collapse of voids at depth; (3) transient
deformation of the ground durmg the earthquake due to wave passage effects; (4) inertial response
of the inner piping system in response to induced movements of the outer piping; and (5) transient
movements of anchor points or buildings connected to buried facilities. As shown in Table
10.3.1-1, underground piping is addressed in Chapter 7 and Appendix I of Reference 29.
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Compressed Gas Cylinder that is Inadequately Anchored with a
Safety Chain Located at Midheight (Figure 4-55 of Reference 60)
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Figure 10.3.2-2 Adequately Anchored Compressed Gas Cylinder (Figure 4-57 of
eference 60)
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FLEXIBILE TUBING

HOLE SIZES YARYTT]

CUT 1/2° LARGER

THAN CANKISTERS | -

UNISTRUT FRANE]

ANCHOR TO WALL| T

AND FLOOR SLAS

e

N 2 eerer

CHAIN

ADO CROSS BRACING TO
SIDES AND BACK OF RACK

| AV N

ORUM
ROLL ING
RESTRAINER

——ADO RETAINER BAR TO RACK
00 THIS ON ALL FOUR SIDES

RACK

ANCHOR RACK LEGS TO FLOOR
7 ANILES MY BE BOLTED OR WELDED TO RACK

A

Figure 10.3.2-4 Approaches for Anchoring Canisters (Figure 4-56 of Reference 60)
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10.4 DUCT SYSTEMS

10.4.1 HVACDUCTS

This section is the “Procedure for the Seismic Evaluation of Steel HVAC Duct” (Ref. 28) which
was developed by the Westinghouse Savannah River Company and is based on information in
Reference 107. It is limited to applications involving existing duct systems. For new design, the
engineer is referred to other methods documented in References 108, 109, and 110. Additional
information is contained in References 111 and 112.

10.4.1.1 Scope

This procedure provides seismic evaluation rules for existing rectangular or round steel HVAC
duct. The objective of this evaluation procedure is to ensure a high confidence of acceptable
seismic performance for the following:

e duct structural integrity
- material condition
- joint, seam, and stiffener design
- vertical and horizontal support bracing
- heavy components and appurtenances

- stiff branches
e duct pressure boundary integrity (if applicable)
- joint, seam, and stiffener design
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e seismic interactions
The duct system seismic evaluation includes facility walkdown reviews and limited analyticai
reviews of bounding sample configurations. The relationship and typical sequence of these
reviews is shown in a logic diagram in Figure 10.4.1-1.

) PR S S | T\
Fans (including louvers)
o NN PSR S P
0.2.7, IESPECLIVCLY.
TVhsntb srmnmzzontbad Jocmncmnces ¢t neen cnnb snnab AL b Cran o St b e AT e vl 12 1 O a1 e
LJucCt H10uIcu adliipers uidat UL L U1 UIC 1dll OI dlI [1dIIUICT adSSCIIIDIICS dIld 1100I IIountea 111ier
hnirotnoa and alanitme 1o t lan avaliiatad canasataly; and aes wmt nesrarad ke thic memnadiies
uuumugb alida PlCllulllb 111UdL T Cvadalualcu DCPd.ldlCly 14 101 COVCICU DY Uld proCCcuaulic.
104.1.1.1 Industry Standards
" :

HVAC Duct Construction Standard, Metal and Flexible", SMACNA (Ref. 113)
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10.4.1.1.2  Duct Loads

(a) Duct weight

(b) Coating and insulation weight

(©) Positive (outward) or negative (inward) uniform pressure. Typically expressed
in inches of water gage (wg), as a differential pressure relative to atmosphere
(1 atmosphere = 0 wg and 1 wg = 0.0361 psig).

(d) Weight of particulate accumulation in the duct.

(e) Weight of workmen or implements resting from time to time on the duct.

® Forces due to wind, for outdoor duct.

(g) Forces due to seismic events.

(h) Vibration from system operations.

Loads (a) through (f) are addressed in the SMACNA design standards.
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In some cases, the performance objective of the HVAC system may be to convey air for the
comfort and safety of building personnel. In this situation, duct structural integrity is the primary
objective (instead of a high degree of pressure retention).

A Screening Evaluation Work Sheet (SEWS 10.4.1) may encompass a single run of duct, a duct

system (several runs of duct with the same operating parameters) or a group of duct systems. The
SEWS should describe, by sketch or system identification, the scope of ducts covered.
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HVAC duct systems may be required to function during a seismic event. In this case, spur
changes of equipment condition (such as accidental closing or opening of dampers, or loss of
controls) are not permitted to occur.

HVAC duct systems may be allowed to malfunction during the period of seismic vibration,
provided it can be reset (remotely or by local manual controls) to function after the seismic event.

10.4.1.1.7  Bounding Sample Evaluation

A group of duct systems may be evaluated based on a worst-case bounding sample review. For
each attribute, the Seismic Review Team must select the worst-case configurations. For example,
the review for stiffener spacing may be based on panels having the largest width, thinnest gage,
greatest distance between stiffeners with the smallest section properties. The basis for the selected
bounding sample(s) should be documented on the SEWS form.

.4.1.2 Evaluation for Structural Integrity
4.1.2.1 Duct Free of Damage, Defects, Degradation

The HVAC duct system network should be visually inspected for damage, defects, and
degradation. The inspection should aiso identify suspect repairs, missing parts, broken joints,
poor workmanship and significant corrosion, particulariy at duct joints.
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10.4.1.2.2 Duct Material and Stiffeners Comply with SMACNA

A visual inspection of the ducts should confirm that the duct material, stiffeners and joints are in
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b. Stiffeners should comply with SMACNA: steel shapes (Ref. 113 Page 1-23 and Ref. 114
Page 7-56 to 58), angle or bar reinforcement for round ducts (Ref. 115 Page 41-2).
Fastening of the stiffener to the duct should be by tack weld, spot weld, bolt, screw or
rivet, 12" max. spacing (Ref. 113 Page 1-48).

10.4.1.2.3 Duct Joints and Seams Comply with SMACNA

Joints and seams should conform to SMACNA standard configurations, and be positively
attached, excluding friction or riveted joints. Acceptable transverse joint configurations are: Ref.
113 Page 1-35; Ref. 114 Page 8-7; Ref. 115 Pages 5-4 and 5-11 excluding sleeved (Figure 3),
riveted (Figure 4) and draw band (Figure 5) joints. Acceptable longitudinal seam configurations
are groove weld and fillet weld (Ref. 114 Pages 8-1 through 8-6; Ref. 113 Page 3-5), and lock

type (Ref. 113 Page 1-40) excluding riveted seams.

10.4.1.2.4 Duct Meets Support Span Criteria

4~ A 4 o~ oA e NR A oA ~AT

10.4.1.2.4.1 SMACNA Ruies

prov1aes rules for the spacmg of duct supports (Ket 113 Page 4-3,Ref. 114 Page 9-7,
. 115 Page 7-3), based on a maximum allowable bending stress in the duct wall of 8 ksi for
r‘ecrangular duct and 10 ksi for circular duct.

1

be met, however an increase of the aliowabie
(Ref. 113

1.1 ? l
amiam s A~ 4 4 St ~NA 1
provided the duct joints are type T-17 to T-24 (Ref. 1

M ~amnrtiac 1o lhacad A £ac-o.

e a L Ao
1 propcl Lle UdbCU ol 1UUI L COorners

Tha QAMMACNI A annravimatinn far rant

anagilar A~
11U OIVIACUINA applUAldLLIAUiviL 1UlL 1ouuadligulal auc

(Ref. 114 Page 9-7) and a bending stress (6 = w L</10 which is based on the average of
simply supported and built-in moment). For duct with uniformly distributed load, the allowable
span between consecutive vertical supports can be expressed as:

| o
72]
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(@]
o=
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=[80 Fp/ (H+ W) p K,11/2
where:
Fp = allowable bending stress (psi) [typically 8000 psi for rectangular duct]
H,W = height, width of duct (in) (see Figure 10.4.1-2)
p = equivalent density of duct material (Ib/in3). (Note - Include
insulation and reinforcement mass contribution).
K. = parameter for rectangular duct in Section 10.4.1.6.1 (1/in2)
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The SMACNA approximation for circular duct is based on a bending stress 6 = w L2/ 10. For
circular duct with uniformly distributed load, the corresponding allowable span between
consecutive vertical supports can be expressed as:

L=(5FpD/2p K12

where:
Fp = allowabie bending stress (psi) [typicaily 10,000 psi for circular duct]
= duct diameter (in)
P = equivalent density of duct material ( lb/1n3)
(Note -Include msulatlon_ and rem cement mass contribution).
K. = parameter for circular duct in Section 10.4.1.6.2 (dimensionless).

10.4.1.2.4.4 Effect of concentrated weights

Heavy in-line components, such as unsupported in-line dampers subject to seismic accelerations,
exert an additional bending moment on the duct. The allowable support span must be reduced
accordingly, to limit the bending stress to within the allowable Fp.

Beam equations may be used to superimpose the distributed weight and the concentrated weight
stress (see Section 10.4.1.6.3 for additional guidance).

10.4.1.2.5  Duct Guided Against Sliding Off Supports

Seismic experience indicates that HVAC duct can fail if it slides off its supports. The duct must be
secured, by tie-downs or stops, if it can slide and fall off its supports.

10.4.1.2.6  Heavy In-Line Components Properly Restrained

Components mounted in-line on the duct work include fans, coolers, dryers, dampers, motor
operators to dampers, and blowers.

In-line equipment must be positively attached to ductwork. Duct connections to heavy in-line
components must be evaluated for structural capacity.

Support spans are to be reduced for heavy in-line components as discussed in Section
10.4.1.2.4.4.

In-line floor mounted equlpment on vibration-isolation pads requires a separate evaluation based on
failures recorded in the experience database. Guidance in performing this review is given in

Chapter 6.

P

i0.4.1.2.7 Appurtenances Properly Attached

Appurtenances to ducts include dampers, louvers, diffusers, and screens. Appurtenances must be
positively attached to duct work (such as screwed or riveted) as opposed to siipped into place.

~ A1 C

d appurtenances must be evaluated for structural capacity.



10.4.1.2.8 No Stiff Branch With Flexible Headers

Branch ducts must have sufficient flexibility to accommodate potential sway movement of a
flexibly hung duct header.

In particular, the review should identify lateral duct branches rigidly supported off long runs of
duct with no axial restraints. The axial movement of the header could damage the branch duct.
Similarly, a duct on sway type supports (such as rod hung trapeze or rod hangers) could swing
and rupture a rigidly supported branch duct.

10.4.1.3 Evaluation for Pressure Boundary

Duct which has to maintain a pressure boundary must meet all of the screens for structural integrity
(Section 10.4.1.2) and the following supplementary requirements.

10.4.1.3.1 Duct Joints and Seams Are of Rugged Type.

In addition to the criteria IOI' structural 1ntegr1ty (bectlon 104.1 Z,), transverse JOlnt contlguratlons

T-1 to T-16 (Ref. 113 Page 1-35) are outliers for pressure boundary review. Similarly, all
1ong1[u01na1 seams that are not groove or fillet welded (KCI 114 Pages 8-1 through 8-6; Ref. 113

) p P | PO, [RVRS FR .

rage 5- 5 ) are considered to be outliers for pressure Dounaary review.

1N A 1 ~ QeilCnmnacy nemd TaZand s YX7 131 . T T3 e TN _ 4

1U.4.1.0.2 OUITIENErs anda Joints vveided or poited to Duct

TYarnt cbiflman ncen nen “ wnzinfnsennsanmbas alhnll lag Stbnaba ol o ol Ao L e Ctes a1 1 L

Duct stiffeners and JU Tit reiiIOIrCeImCIits Snail 0€ aitacnéd to ine auci oy inicrmiiient weias or oy

Tanléa cxritlh A v v irazzaa n“nn:ﬂn ~F 1N o mantasncrzlaze izt tlan camnrtiommcaaan Al b A 1.1

0OItS Witll & maximuini Spacing Of 12 . r'or rectanguiar auct, the maximuin distance of a weld or

halt fram tha At adoe 10 2" (Paf 112 Page 1_4Q)

UUIL 11VU111 U11C uull Cugc Dd 4 4 \INCL. 110 rasc 1-%0)

Tntarmittant vwalde ara tunirally ctacaarad Aan altarnata cidac ~AF tha ctiffamane nnd chall lag 1M 4 2N

ALICLHLICLIL WUIUD alv Ly pivally StaggEuvitu ULl aneiiiaic Siucd Ul UIC SULICLICId }adiiali voC 1 WO

l\Jlls \L\\/L. 11T 1 asu ' JJ}-

1041227 et (Gace SQtiffenere Qi7zed ta Recict Qaigcmins T Aad

AVe Todoodoo puAATY \Jué\/, MAPULLLAN/LAIN/A D WIAZANE LU ANV OLIOL IV IDLLLIV L/ UANL

The Seiemic Review Team ghall verifv the adeanacv of the dnet wall thicknece (oaoe) ctiffanar

A..Aj.v uv;ux;u'\/ ANN/ VAN VY A Tml‘. JRALRAR 'V‘.-ILJ LA M\J\/\juuv] Vi LIV ULl VY aul uuavinaivoo \su \/l’ ollrLiviivi

qize. and stiffener snacine in accordance with SMAC (Ref 113 114 and 115 with the

Viiiv/g fALAG Uvidaviivia utluv‘..;b ALA VAWNWNITANSURAAWY VYV AVAL WJAVAL AN A V4L A \L\\/L AdlJy 11Ty QALIG L LJ}, VY iuil uiiv

following nrovisions:

Tollowing provisions:

(a) The seismic accelerations generate uniform pressures acting on the duct in both + (internal
pressure) and - (external pressure) directions. Due to the small deflections in duct wall, the
scaled 2% damped accelerations must be used to evaluate stresses in duct walls

(b) The stiffener deflection limits in SMACNA may be exceeded under seismic loads, provided
the stiffener and the duct wall remain elastic. The SMACNA equations (Ref. 114 and 115)
or the theory of plates and shells (Ref. 116) may be used for the stress analysis.

10.4.1.3.4 No Potential for Puncture of Duct Wall
Duct should not be supported on sharp edges or have point contacts with support members. Duct

should be sufficiently restrained in the vertical and lateral directions, in accordance with the support
span criteria for structural integrity, to avoid sliding or uplift impact.
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10.4.1.3.5 Flexible Bellows Can Accommodate Motions

Where flexible bellows are provided, potential seismic displacements must be compared to bellows
capacity. Alternatively, the bellows must be guided to preclude significant seismic differential
movements.

10.4.1.4 Support Review

10.4.1.4.1 No Broken. Defective, or Degraded Hardware

Duct supports shall be visually inspected for adequate fabrication and maintenance. Signs of poor
construction quality or subsequent degradation include: distortion, dislodged or shifted support
members, missing brackets, nuts or bolts, unusual or temporary repairs, cracks in concrete, etc.

10.4.1.4.2 Support Member Capacity Exceeds Demand

The Seismic Review Team shall evaluate the sample support configuration(s) likely to have the
largest demand/capacity ratio.

10.4.1.4.2.1 Seismic Demand
™ a1 o 4 TYYYXT7T A 7Y 1 L -
Ductile Supports: AC duct supports s spenaea from overhead or sidewaliis (i.e. not supported
from the floor) and which can be classified as ductile, as defined in the DOE Seismic Evaluation
Procedure, must be evaluated for vertical capacity. The demand shall be based on 5 times the dead
load in tuc downward direction (Ref. 107 page 39). A high vertical capacity provides considerable
margin for horizontal earthquake loading.
Non-Ductile Supports: HVAC duct supports not classified as ductile, must be evaluated for
vartinal and harioantal (lataral Ar aviall Taade Tha onalad 700 Aaeimad manls cmanteal annalaents <
viittail alit 110I1Z011tal (1atCial Ul aAladi) 10als.  111C 5Cai€d /70 Qainpea pedK SpeCiral aCceicration
chnnld ha nigad tn ralenilata annliad 1aade 1inlage tha gnertral annalaratins foen Qantinm & M\ o6 ¢l
SLIVUIU UL UdLU WU Laitulatv applivl 1iuaus, uiltdd uic Spoitl LLCICIALIVIL (dTC SCCLIVI O.£4) dl UIC
duct span resonant frequency is determined.
F = WA
a — vy i« ‘S
where
W = tributary weight (Ibs)
Ag = spectral acceleration (g)
Base-mounted supports represent a special type of non-ductile support. They are different than
suspended supports in that base-mounted supports can become unstable when subjected to
excessive lateral deflections or inelastic behavior since they don’t have the pendulum restoring
orce attributes of suspended SUppOTIts. Consequently, base-mounted support evaluations should
include P-delta effects if there is the potential for base hardware slip. P-delta effects represent the

second order increase in base overtumlng moment due to additional eccentri icity of suppo
load during seismic deflections of the support. It is illustrated in Figure 10.4.1-3. Base plate
flexibility (rotation) shall be postulated as applicable according to the following:

- shell expansion anchor slip of 1/8”
- channel nut slip of 1/16”
- clip angle bending

Additional discussion of base mounted support evaluations for P-delta effects is found in
References 47 and 50.

March 1997 10.4-7



1 A Qaigrnin

1N A 2N v anman
IVU.9.1.9.4.4 DCDIIIC L apatity

Tha qiinnart canarituy chall ha hagad an ATQO M af Q1) jnn T L P Ta' $n tmAnanca calarale
11IC SUpPPpUIL Lapatity Siidll DU vastu Ull AloC (RCI. 01) 1ICI 1E PIOUVISIVILID W HICITA>C SCISIIIC
allawahla ctraccag hy 1/2 (Raf 21 Part § Qacrtion 1 § &) and avaliiatian of notential far hiial-lia o
ALIUWAUIL SUUSdUS Uy 1/J (RUL. 01 rait J otiuvil 1.J.U) diil CvaiuatiVil U1 puiCiidadi 101 OUCKIINg.
HVYVAC duet eiinnorte concicting of rod hanoere with fivad and connectinng chall ha avaliiatad far
11V AT UULL SUPPULLS VULISISUILLE VUL 1UU HAIiguLS Wil LIACU UlIU CULLIICLUIVULLD dilall UC OvailualCd 101
fatione (Raf 47)
LuLLEUV \1\\/1- w17 /-
104.1.473 nchorace Adeguacv

v.a.1.4.0 ANCNOIage ACCgualy
For the boundine sample supnort confiesuration(s). the Seismic Review Team shall evaluate the
A Ui ViAW U WARANELLIX O PRILIPIY DU PULL VVLILIGWITRUVLIIU/y ULV WVIDLIUV ANV VIVYY 4 VaAlil olidil vvailudaile uiv
sunnort anchoraege in accordance with Chanter 6 of the DQE Seismic Evaluation Procedure
Sppvat QUL GEV 12 GULULLGLIVY AV RLALGPIVL U UL MV AU OVASIUY AV QiuGuiUll 1 1vLvuulY

Supports shall not include design details which have been a source of failure in past earthquakes
such as beam clamps with no restraining strap, smooth channel nuts (without teeth or ridges) and
cast-iron inserts.

10.4.1.5 Seismic Interaction Review

An evaluation shall be performed of potential seismic interaction hazards due to spatial proximity
and differential motion between structures. Other seismic interaction evaluation considerations are

identified in Chapter 7.

Free from Input by Nearby Equipment - Duct systems adjacent to other equipment should be
evaluated for the consequences of interaction with moving items.

No Collapse of Overhead Equipment, Distribution Systems, or Masonry Walls - Duct Systems
attached to or in the vicinity of unanchored components or unreinforced block walls should be

evaluated for potential interaction.

Able to Accommodate Differential Displacements - Duct systems that span between different

structures.



10.4.1.6 Span Factors and Concentrated Weights
10.4.1.6.1  Span Factor for Rectangular Duct

Horizontal run of duct:

r 2 A2 /r 172 /A 12 2,42 /ry 27\ 121 1/2
Ke={ SIRW [ W2 =W D 4t | (17)2) - m1]

+H/|(H? /- H+1]

where
S. = horizontal snectral acceleration (cee Section 5 2) lateral ta diet (o)
Il Tt 'Ll\ll-lirw Spvvui G uvvv;v:ul—xvxx DV DVLLIVIL J.4 )y Latulal WU uULL \g)
S = vertical snectral acceleration (o) (gee Section 5§ 2)
vv " rv:r!-‘-m MWWV AWA ALAVLL \&} \UVV UVVL‘I.\ILL Joﬂ/
R = ratio of horizontal to vertical support spacing
W = width of duct (in)
H =  height of duct (in)
’¢ — cnan farntar (1 /;nz,\
1\R — DlJ(lll iraviuvl \1[ 11K )

Jartical min af dnet
Yulitlivdl 1Ull VUl uuLvL
r , 5 , 211/2
Ko =482 RAW2Tow2 /2 = w+ D + 5282 /[(H2 /2 — 7 +117L
K Ln /l\ 1= /J "11‘/[\“/"'} “"*JJ

where:
S,w = horizontal spectral acceleration (see Section 5.2), parallel to side W (g)
Spu = horizontal spectral acceleration (see Section 5.2), parallel to side H (g)
R = ratio of lateral support spacing in S, direction 2 to lateral

rr r (=4 hw
cnnnnrt cnaning in Q Aivrantinn 1
DUPI:IU].L oyabxus 111 L.)hH UlLICLUIVIL 1

AV.VA width Af At (in)
Yy — Vviuiulild Ul uuLL \lll}
H —_ si1oht nf At (in)
PO s Ll\llslll Vi uuvi \lll}
L = maximum aiiow.'ilbie support span in Sy direction 1 (in)
Ky = span factor (1/in%)

10.4.1.6.2 Span Factor for Circular Duct

Horizontal run of duct:

K, =1+(SI+R'Sp)"?

where:
R = same as for horizontal rectangular duct
S, = same as for horizontal rectangular duct
S, = same as for horizontal rectangular duct
K. = span factor (dimensionless)
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Vertical run of duct:

where:

S. . = horizontal snectral acceleration (cee Section § 2) in direction 1
vhl AANS A AEiNTAAVAL urvv\mm MV WWAVA LIV LL \UVV wvwuaviiL J-H} A1l \lAVVULIVLL L
S. . = horizontal spectral acceleration (see Section 5 2) in direction ?
vhz AANT A AEdi T BANTA Mllvvum AW WAL LAV AL \UVV AN LAV AL JQHI A1l GBILAIVVULIVLL o
R = ratio of lateral sunnort snacineg in direction 2 to lateral

support spacing in direction 2 to lateral

sunnort snacing in direction 1
Er r =] rAsAAAAL 2 . .

L = maximum allowable support span in direction 1 (in)
K. = span factor (dimensionless)

duct, the stress is computed to be:

C N \2 571/2)
fy =(wL’/10+ PL/6) {1+|(agW/21,,)" +(a,H/2L,)" | }
v : t) L Ly BAd \NTVET AX / _] J
y
|
e—w—pl
A
I
X H X
i y
| i
y
| where
£ — 4t nl Lo A2 N\
| 1p - totdl DCLIULILE SUCSS (pbl)
i w = distributed wt of duct (ibs/in)
| L = length of duct span containing concentrated weight (in)
| P = concentrated weight (ib)

ay, a, = horizontal and vertical accelerations (g)
W,H = width and height of duct (in)
| Ixx,Iyy = moment of inertia of duct cross section (in4). XX axis
| - is parallel to width W; yy axis is parallel to height H
| (see figure above) -
| R = ratio of horizontal to vertical support spacing = 1

| For a horizontal circular duct, the stress is computed using the above equation with W =H =D
| where D = outer diameter of duct (in).
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10.4.1.6.4  Moments of Inertia for Rectangular Duct
Based on the SMACNA rectangular duct approximation of 4 corner angle sections (Ref. 114
Page 9-7), the moment of inertia is:
4 ') » A\
Ixx = 4t(H~-2H+2) (in®)
Iyy = 4t(W2-2W +2) (in%)
where
t =  duct thickness (in)
H =  width of duct (in)
w = height of duct (in)

Note that the above equations include the 2" x 2" corners; hence, the H and W units must always
be inches. If either W or H exceeds 72 in., the correspondmg value used for calculating Ixx and

Iyy shall be 72 in. Moment of inertia and section modulus calculations shall be based on
dimensio 18 < 72 in. (Ref. 114 Page 9-7).

10.4.1.6.5 Moments of Inertia for Round Duct

Ixx = Iyy = 0.0491(D*-dYH  (inh
where
D = outer diameter of duct (in)
d = inner diameter of duct (in)
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Facllity Review

Evaluate Structural -
Integrity of Duct*

Is Pressure
Boundary Integrity
Required?

Evaluate Duct
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Y

Evaluate Duct
Support Integrity”

Y

Evaluate Potential
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Outliers to
be Resolved

Is Duct System
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Document Results l]——

* Requires limited analytical review in addition to field walkdown.

Figure 10.4.1-1 Logic Diagram for Duct System Seismic Evaluation
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Figure 10.4.1-2 Typical Rectangular HVAC Duct Section
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Figure 10.4.1-3 Floor Mounted Supports
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